T here is increasing interest in the provision of rehabilitation for survivors of critical illness as a result of improved survival rates and reports of long-standing functional limitation that negatively affects their health-related quality of life. 1-3 A critical care admission, particularly for prolonged periods, can result in the development of clinically significant weakness that has been reported to last up to 5 years following hospital discharge. 1 Physical limitations that survivors of intensive care experience have been well documented. [1] [2] [3] [4] In particular, patients who require more than 48 hours of mechanical ventilation or who have sepsis are at high risk for the development of significant muscle weakness in the intensive care unit (ICU). 5, 6 Intensive care unit-acquired weakness has both short-term and long-term consequences for the patient, including delayed weaning from mechanical ventilation, 7 reduced functional capacity, 8 and inability to return to work. 2, 3 For older patients, this decline in physical function and ability to complete activities of daily living is even more pronounced. 9, 10 Several models of rehabilitation for critical illness have been proposed, based on established programs such as stroke and pulmonary rehabilitation. To date, these models have concentrated on early mobilization and rehabilitation commenced in the ICU 11 and continued on the acute care ward. 12, 13 Although these models have shown improved short-term functional outcomes at hospital discharge [11] [12] [13] and potentially lower hospital readmission rates, 12 no research has used a protocolized exercise intervention aimed at achieving a physiological response or investigated the effects on physical function at 12 months following ICU discharge.
The aims of this study were: (1) to report the components of an exercise rehabilitation program for survivors of critical illness that commenced in the ICU and continued for 8 weeks following hospital discharge, (2) to compare the program with local and national standard care and with other models of rehabilitation that have been reported in international literature, and (3) to report the safety and feasibility of providing exercise training for patients who survive critical illness.
Method Design
The current study was a single arm of a larger, parallel group randomized controlled trial. Seventy-four participants were randomly assigned to a protocolized rehabilitation program that commenced in the ICU and continued on the acute care ward and for a further 8 weeks following acute care facility discharge as an outpatient program.
Participants
Study participants were recruited from a metropolitan tertiary 20-bed ICU in Melbourne, Australia, between May 2007 and August 2009. Participants were included if they were older than 18 years of age, were admitted to the ICU for 5 or more days, were able to understand written and spoken English, and resided within a 31.25-mile (50-km) radius of the hospital. Participants were excluded if they had a major disorder of the central nervous system that resulted in permanent weakness, had conditions that rendered participation hazardous (eg, long-bone or unstable fractures), were assessed by senior medical staff as approaching imminent death or withdrawal of medical treatment in the ensuing 48 hours, had a length of stay greater than 5 days due to nonavailability of an acute care bed, or had a premorbid condition resulting in not being able to perform the outcome measures. Written informed consent was obtained from participants or, if they were unable to provide informed consent, their designated decision maker.
Procedure
Participants were screened for suitability for inclusion 5 days after admission to the ICU. They were randomized using opaque envelopes in a 1:1 manner to an exercise training rehabilitation program in addition to standard care or to standard care alone. Standard care referred to medical, nursing, and physical therapy management. The staffing structure and model of care provided in the ICU in Australia has been described elsewhere. 14 Physical therapy standard care included respiratory assessment and treatment as required and early mobilization. Only data for participants who received exercise training rehabilitation in addition to standard care are analyzed in this article. The flow of participants through the intervention arm of the study is presented in Figure 1 .
Baseline measurement of physical function was performed using the Physical Function in ICU Test (PFIT). The PFIT is a submaximal exercise test that was developed for patients in the ICU who may not be able to mobilize away from the bedside. The original test had 4 domains and 5 components and has been shown to be both reliable and sensitive to change. 15 The test requires the patient to march in place for as long as he or she is able and to move from a sitting to a standing position while the therapist measures the amount of physical assistance required; the 
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achieved. We aimed to exercise participants to a rating of perceived exertion (RPE) of 3 to 5 on the modified Borg Scale, 19 and marching time was progressed by increasing the time by 10% each session, provided the RPE was no greater than 4 on the previous session. Weaning the patient from mechanical ventilation was done in accordance with the weaning protocol of the ICU. Administration of intravenous sedation in the ICU was titrated to achieve a Richmond Agitation and Sedation Scale score between Ϫ1 to ϩ1. 20 The safety of the ICU training protocol was assessed by the occurrence of adverse events during training and the ensuing 30 minutes. The RPE, via the modified Borg Scale, 19 oxygen saturation, heart rate, and mean arterial blood pressure were monitored during testing and training. These physiological measures were chosen because they have previously been reported as those most commonly monitored by physical therapists in the ICU in Australia. 17 Once patients were discharged from the ICU, the intensity of exercise training was prescribed according to either the ICU discharge PFIT or, when the participants could mobilize 10 m, the Six-Minute Walk Test (6MWT). Once discharged from the hospital, patients commenced an outpatient exercise program. Participants were required to attend twice per week for 8 weeks. Exercise was prescribed using the results of a stationary cycle submaximal oxygen consumption test that was performed according to a standardized protocol for patients with chronic heart failure. 21 The aim of the test was to exercise participants to just beyond 85% of predicted maximum heart rate or to an RPE of 7 on the Borg Scale. The work of cycling increased incrementally each min- ute, and a metronome was used to maintain cadence. Heart rate and oxygen saturation were monitored each minute throughout the test via pulse oximetry, and blood pressure and heart rate were recorded prior to the test and every 2 minutes following the test, until the participant reported an RPE of 3 and the heart rate was reduced by 20 bpm. If participants had been prescribed betablockers, the test was not performed. The test was ceased if participants complained of chest pain, dizziness, or severe shortness of breath. If participants were unable to perform the bike test, the 6MWT was used for exercise prescription. Participants were considered to have attended the program if they were present at 70% or more of the classes. 22 Participants were encouraged to complete a walking program on the days they did not attend outpatient classes; instructions for intensity and safety were provided.
Rehabilitation programs, both in the acute care ward and outpatient setting, were individualized for each patient; however, where possible, programs were administered in a group setting by the trial physical therapist and included aerobic, strength, and functional training (Tab. 1). Programs were progressed using RPE of the modified Borg Scale. 19 Therapy was delivered by a physical therapist in the ICU and a physical therapist in consultation with an exercise physiologist on the acute care ward and in the outpatient clinic. An example of an individualized exercise program is presented in Appendix 1.
To measure standard care, point prevalence data were collected in the ICU on 10 occasions. On the designated point prevalence day, data from the previous 24 hours describing all physical therapy management, including rehabilitation and mobilization practices, were collected on all patients in the ICU who required mechanical ventilation for longer than 48 hours. The day of the month and time of data collection were randomly allocated. Acute care ward point prevalence data describing rehabilitation and mobilization practices were collected for control participants 131 to 150.
Safety Procedures
Several strategies were used to maximize safety during exercise training and prevent adverse events. All physical therapists working in the trial were required to have more than 2 years of clinical experience in the ICU. Written manuals of protocols and safety guidelines were supplied to all research personnel. Criteria to determine when exercise training was unsafe to commence or whether exercise training should be ceased were developed by the investigators in conjunction with senior medical staff in the ICU (Appendix 2). If any adverse event occurred, either during or in the ensuing hour following intervention or outcome measurement, the chief investigators were notified. Research personnel met weekly to discuss trial progress and process indicators, based on the trial consort diagram, and were reviewed monthly to identify any potential safety, recruitment, or treatment issues. A data monitoring committee examined trial safety by reviewing adverse events every 6 months. Serious adverse events were defined a priori (Appendix 3). Any serious adverse event that occurred in the course of treatment, during measurement, or in the ensuing hour was reported to both the chief investigators and the Human Research and Ethics Committee.
Apart from the presence of an intraaortic balloon pump or femoral access device for extra corporeal membrane oxygenation, exercise was not precluded by the presence of invasive lines, consistent with unit protocol. If a patient required continuous renal replacement therapy and had a femoral access device in situ, he or she could sit out of bed but not mobilize and performed upper-limb strengthening exercises as per the protocol. Nasogastric feeds were not ceased during exercise training.
Data Collection
Prior to the commencement of exercise in the ICU, we recorded wakefulness, assessed by the ability to follow 3 commands 23 : the presence of mechanical ventilation, weaning, and airway status. Prior to and following exercise, the following parameters were recorded: heart rate, respiratory rate, oxygen saturation via pulse oximetry, and RPE according to the modified Borg Scale. 19 All data were collected on a standardized case report form. If a patient could not exercise, the reasons why the protocol could not be delivered were recorded. A session was considered to be complete if more than 10 minutes of exercise was achieved; if less than 10 minutes of exercise was performed, the session was considered incomplete. However, if exercise was unable to commence, it was recorded as undelivered. If a participant was readmitted to the ICU, the PFIT was reassessed and exercise delivered according to the ICU protocol.
On the acute care ward, heart rate, blood pressure, respiratory rate, and temperature were assessed from the nursing observation chart and were recorded if exercise was unable to be commenced in accordance with the safety parameters. Prior to and upon completion of an exercise session, heart rate and blood pressure were measured; RPE was recorded during aerobic exercise and trial testing. Pulse oximetry was used when participants required supplemental oxygen to exercise. An exercise intervention on the acute care ward was recorded as complete if the
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patient was able to achieve more than 20 minutes and incomplete if less than 20 minutes was achieved. If the exercise protocol was not able to commence, it was recorded as undelivered. An incomplete session in the outpatient exercise class was classified as completing less than 30 minutes of training.
Outcome Measurement
All outcomes were measured by a physical therapist blinded to group allocation. The PFIT was measured in the ICU at baseline on recruitment, once weaned from mechanical ventilation, and at ICU discharge. The 6MWT was performed following ICU discharge to the acute care ward once the patient was able to mobilize more than 10 m unassisted and at hospital discharge. Two tests were performed at each time point in accordance with American Thoracic Society guidelines. 24 The greatest distance walked in 6 minutes was recorded, and treadmill exercise was prescribed at 80% of the calculated speed achieved in the test, consistent with recommendations of the Australian Lung Foundation. 25 A submaximal oxygen consumption test on a bicycle was performed at the commencement of the outpatient program, and two 6MWTs were performed on completion of the training program. As part of the larger trial, participants were followed up at 6 and 12 months following ICU discharge. Table 2 . The participants were broadly representative of the 83,000 participants admitted to the ICU in public hospitals in Australia each year. 26 A total of 2,190 potential exercise sessions were available during the acute hospitalization phase, of which 1,309 were delivered. Of these 1,309 exercise sessions, 72 (6%) were classified as incomplete (Fig. 2) .
Data Management
In the ICU, a total of 1,168 potential exercise sessions were available. Of these, 641 (55%) were delivered and 611 (95%) were complete. The reasons for incomplete sessions were participants reaching exerciseceasing criteria or fatigue. On 527 occasions (45%), exercise rehabilitation could not be delivered. The most common reasons for failure to deliver exercise sessions both in the ICU and on the acute care ward are presented in Table 3 . The most frequent reason for participant refusal to exercise in the ICU (80 occasions [53%]) and on the ward (87 occasions [52%]) was fatigue.
Following discharge to the acute care ward, 81% of the participants were able to perform the 6MWT. On the acute care ward, a potential 1,022 sessions were available, of which, 668 (65%) were delivered and 42 (6%) were classified as incomplete. Three hundred fifty-four exercise sessions were not able to be delivered (Fig. 2) . Functionally independent at hospital discharge (%) 59.5
Required inpatient rehabilitation, n (%) 15 (20%) No adverse event occurred during exercise training either in the ICU or on the acute care ward. Two events, classified as serious adverse events, were detected prior to the commencement of exercise training by the intervention physical therapist (1 participant was unable to be awakened and subsequently found to have a bleeding duodenal ulcer, and 1 participant had an oxygen saturation level less than 85%, as measured by pulse oximetry). Although trial participants were not undergoing intervention at the time, medical emergency calls were placed by the intervention physical therapist. These events were reported to the Human Research Ethics Committee.
Prior to commencement of the outpatient exercise program, 10 participants died and 3 withdrew from the program, leaving a total of 61 participants. Therefore, a potential 976 exercise sessions were available. Of these, 455 (47%) exercise sessions were attended. All exercise sessions were completed. Of the 61 participants, 42 attended their first exercise session. Of the 42 attendees, 29 (69%) were able to perform a submaximal exercise test on the bicycle. In total, 25 of the 61 participants (41%) were considered to have attended the outpatients rehabilitation program, with 12 of these 25 participants (48%) attending 100% of classes (Fig. 3) .
In the ICU, on 76% of occasions, participants were able to adhere to the protocol requirement to march in place or mobilize away from the bedside. Point prevalence data of a similar cohort indicated that 52% of patients receiving standard care in the same ICU were mobilized. Demographic data of these 68 patients are presented in Table 2 . On the acute care ward, on 6% of occasions, participants were unable to complete 60 minutes of exercise per day. Point prevalence data of participants in the standard care group (nϭ20) indicated that ward participants performed an average of 22 minutes of mobility and rehabilitation per day at the same institution.
Discussion
The results of this study suggest that exercise rehabilitation as described, using strict safety criteria, is safe and feasible for patients who are critically ill and throughout the recovery period. The rehabilitation approach used in this study was based on exercise prescription using quantitative tests, such as the 6MWT or the PFIT, 
Figure 2.
Exercise sessions achieved during acute hospitalization. ICUϭintensive care unit.
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to achieve a physiological training response. According to point prevalence data, this approach resulted in higher rates of mobility in the ICU and longer duration of exercise training in the acute care ward compared with standard care. Recent point prevalence data for mobilization practices in 43 Australian and New Zealand ICUs demonstrated only 13% of the 393 patients were mobilized in a cohort admitted for longer than 48 hours. The cohort included patients who were mechanically ventilated and spontaneously breathing. These data were collected on a designated day and reflected the mobilization practices of the previous 24 hours of the patient stay (unpublished data). The point prevalence data from our study suggest that the intervention group received substantially greater mobilization than standard care, highlighting the benefits of a quantitative approach to exercise training. However, the mobilization practices in the group receiving standard care highlight the culture of early mobility that already existed in the ICU.
Despite the training approach used in the current study, no adverse events occurred, and there was neither inadvertent removal of invasive devices nor disconnection from ventilatory support. Participants ceased exercise on less than 5% of occasions during acute hospitalization. This finding is consistent with the findings of other investigators who also reported low incidence of adverse events. 11, 13, 27 The safety criteria used in this study were broadly consistent with those reported previously. [11] [12] [13] However, in contrast to other studies, 12,13 both the current study and that of Burtin and colleagues 11 used a ceiling pressor dosage, above which exercise was not permitted. This pressor safety criterion may have influenced the inability of a larger number of participants to commence exercise in our study and the delay to initiate exercise observed in the study by Burtin and colleagues. 11 Although differences in medical management may influence pressor usage, the low rate of adverse events observed in the trials of Morris et al 12 and Schweickert and colleagues 13 indicate that the pressor safety criterion used in this study was too restrictive and resulted in a high number of exercise sessions not being initiated and should be reconsidered in future trials.
Several other barriers to rehabilitation were observed in this study. On 491 occasions, patients refused to exercise (primarily due to fatigue) or were not available to exercise due to procedures being performed. Although the increased intensity of exercise training may have led to increased patient fatigue, the bedbased approach to the management of hospitalized patients, where the default is for patients to remain in bed, also may have influenced the high rates of fatigue and refusal to Outpatient exercise sessions achieved.
exercise observed in this study. Given the increasing understanding of the legacy of an ICU admission 28 and the potentially important influence of early mobility and activity, we contend that rehabilitation should not be considered a discretionary aspect of care that can be slotted around other procedures, but procedures should instead be planned around the provision of rehabilitation.
The conscious state of the patient, particularly in the ICU, resulted in 80 sessions not being provided. However, on 50% of occasions impaired consciousness was due to an encephalopathic state and not related to sedation practices. Nonetheless, despite a sedation protocol, on 40 occasions, participants were not within the acceptable Richmond Agitation-Sedation Scale range.
Although the cohort in the current study was similar to that reported by Schweickert and colleagues 13 in terms of illness severity, the differences in methods and medical management may have resulted in differences observed in the feasibility of exercise training in the ICU and the rates of exercise performed while on mechanical ventilation. In addition to the previously mentioned barriers to exercise, a major difference between our study and that of other investigators 11-13 was the attempt to exercise patients twice daily. This attempt resulted in a greater risk that patients would not be available due to procedures and a greater opportunity for participants to refuse exercise training. However, when participants were available and could exercise safely, training occurred on 81% of occasions, which was consistent with previous reports of exercise in the ICU. 12, 13 Reducing the training regimen to once daily may potentially have improved adherence.
The main difference between this study and others [11] [12] [13] was the approach to exercise rehabilitation. Schweickert et al 13 and Morris et al 12 targeted training of functional activities of daily living that progressed by meeting predefined milestones with repetition requirements. In contrast, we attempted to achieve a training effect of exercise that involved the patient performing highest level of activity possible and progressively reducing the difficulty of the task in a prescribed dosage and time interval. Further comparison of the results of the current study with those of the study by Burtin et al 11 is limited due to methodological and clinical differences. Their cohort had a higher illness severity, longer length of the ICU and hospital stay, and dealt differently with ongoing cardiovascular and respiratory compromise following inclusion, making comparison of feasibility of exercise training difficult to interpret. In addition, exercise rehabilitation was provided in the ICU only, and the delay prior to inclusion and commencement of the intervention was 14 (10) days, which was greater than our median ICU length of stay.
This study, as part of a larger prospective randomized controlled trial, is the first to provide exercise training across the continuum of critical illness. Although other trials have provided rehabilitation in the ICU 11 and on the acute care ward, 13 this study additionally provided transition training back into the community, based broadly on the approach of a pulmonary rehabilitation program. There was, however, a delay in the commencement of exercise training in the ICU due to issues of recruitment and consent. Exercise training could have been further optimized if we had asked senior medical staff to predict, at 48 hours following admission, which patients were likely to require 5 or more days in the ICU. This approach would have facilitated earlier screening and recruitment and resulted in increased levels of exercise training in the ICU. Other investigators 13 have previously reported that patients who received rehabilitation in the ICU experienced less delirium. However, no comparison can be made with the current study as measurement of delirium was not routinely performed at our institution.
The outpatient component of the rehabilitation program was poorly attended. Despite the provision of taxi vouchers, patients frequently mentioned travel distance and limited time as reasons for not attending sessions. Other participants felt there was no requirement for ongoing exercise training and rehabilitation. It also was possible that participants with poor social support and potentially the poorest quality of life were those that failed to attend. The low attendance at the hospital-based outpatient program suggests that alternative models of care, such as home-or community-based rehabilitation programs or self-efficacy training, are needed to engage patients to produce sustained changes in exercise behavior. This study also was limited by patient heterogeneity, as evidenced by almost half of the patients not being ventilated at the time of recruitment. However, when this study was conceived, little was understood about who would respond, who was safe to exercise, or who was at high risk for the development of muscle weakness in the ICU. As a result, the pragmatic decision was made to include patients with a prolonged stay. Future studies may choose to define which populations to include (eg, patients with sepsis), to reduce variability.
Given the long-term functional impairment of survivors of critical illness, the results of the current study and others suggest that there is merit in providing ongoing rehabilitation that is continued following hospital discharge. However, models to deliver this reha-

